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Summary A community-based cross-sectional study was conducted in brothel-
based sex workers of West Bengal, Eastern India, to determine their oncogenic
human papillomavirus (HPV) status and the presence of pre-cancerous lesions. A
total of 229 sex workers from three districts of West Bengal participated in the
study. All the study participants were interviewed with the aid of a pre-tested ques-
tionnaire to determine their sociodemographics, risk behaviour and risk perceptions
after obtaining informed verbal consent. The interview was followed by collection
of cervical cells from all participants using a disposable vaginal speculum and cer-
vical cytobrush. Oncogenic HPV DNA was detected by real-time polymerase chain
reaction (PCR). A simultaneous Papanicolaou test (‘Pap smear’) was performed to
detect cervical cytological abnormalities. Overall, the prevalence of oncogenic HPV
was found to be 25% (58/229) among the studied population. A subset (n = 112) of
the sample was tested separately to determine the existence and magnitude of HPV
genotypes 16 and 18. The results showed that genotype 16 was prevalent in 10%
(11/112), genotype 18 in 7% (8/112) and both genotype 16 and 18 in 7% (8/112). The
HPV prevalence rate showed a decreasing trend with age, being 71.4% in the 10—19
years age group, 32.3% in the 20—29 years age group, 18.3% in the 30—39 years
age group and 2.5% in the ≥40 years age group (statistically signiﬁcant differences,
P≤ 0.00001). Considering the duration of sex work, oncogenic HPV prevalence was
found to be 55% (n = 21) and 19% (n = 35) in sex workers with a sex working duration
of ≤1 year and >1 year, respectively. This difference was found to be statistically
signiﬁcant both by univariate and multivariate analysis. In this study, it was observed
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that sex workers with an average number of daily clients of six or more had an HPV
prevalence of 67% (n = 6), those with four to ﬁve clients had a prevalence of 45%
(n = 9), those with two to three clients had a prevalence of 30% (n = 34) and those
with one or less clients had a prevalence of 10% (n = 9) (statistically signiﬁcant differ-
ences, P = 0.00003). Multivariate analysis showed a statistical association only with a
duration of sex work of ≤1 year [odds ratio (OR) = 3.3; 95% conﬁdence interval (CI)
1.4—7.6] and daily income of Rupees (Rp) ≥101 (OR = 2.5; 95% CI 1.3—5). Regard-
ing pre-cancerous lesions, 2 of 229 sex workers showed the presence of a low-grade
squamous intraepithelial lesion along with high-risk HPV. Thus, 1% of the studied popu-
lation suffer from a pre-cancerous lesion caused by high-risk HPV. This study concludes
that young sex workers are particularly vulnerable to high-risk HPV, similar to human
immunodeﬁciency virus (HIV). The observation of older sex workers relatively free
from HPV supports the view of acquired immunity against HPV, which needs to be
studied in-depth further. There is a need for a suitable community-based interven-
tion programme targeted towards sex workers, with special reference to younger sex
workers, for control and prevention of HPV and cervical cancer. Vaccination against
HPV for newly entrant sex workers may be an important component for a successful
intervention programme.
dulaziz University for Health Sciences. Published by Elsevier
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Introduction
Globally, cervical cancer comprises 12% of all can-
cers in women. It is the second most common
cancer in women worldwide but is the common-
est in developing countries, including India [1]. The
cervical cancer burden of India alone was estimated
to be 100 000 in 2001 [2]. Cervical cancer is one of
the few cancers that can be detected and treated at
its precursor stage. The most important risk factor
appears to be infection with the oncogenic human
papillomavirus (HPV) [3,4]. HPV prevalence in cer-
vical carcinomas has been estimated to be 99.7%,
higher than previously thought [5]. Oncogenic HPV,
particularly genotypes 16 and 18, is transmitted
sexually and, when in contact with the transfor-
mation zone of the cervix, is known to contribute
to invasive cervical carcinoma. Unprotected sex
with multiple sexual partners carries higher risk of
acquiring high-risk HPV. Persistent infection with
high-risk HPV is known to induce cervical cancer,
particularly in the presence of other co-factors. The
age at which women engage in their ﬁrst sexual
intercourse has also been cited as a risk factor for
cervical cancer, as damage might be caused to the
cervix at a time when it is still developing. HPV
infection is extremely common in young women
in their ﬁrst decade of sexual activity. Persistent
infections and pre-cancer are established, typically
within 5—10 years, from <10% of new infections [6].It appears that sex workers, because of their
early and repetitive exposure to unprotected sex-
ual activities, might be the victims of HPV as well
as acting as a reservoir for transmission of high-risk
M
T
APV in the community, particularly in a developing
ountry such as India. An earlier study conducted
y the HIV/AIDS Unit of the National Institute of
holera & Enteric Diseases concluded that young
ex workers aged ≤20 years were more at risk of
cquiring human immunodeﬁciency virus (HIV) com-
ared with older sex workers [7,8]. It is a matter of
oncern that high-risk HPV infection in sex workers
eading to cervical cancer is further aggravated by
he presence of co-infection with HIV, as evident
rom another study [9]. This might lead to a sig-
iﬁcant contribution of carcinoma of the cervix to
ndia’s national burden, as there are an estimated
.9 million sex workers currently operating in India
10] and a sizable number of them are infected with
IV. For example, West Bengal, an eastern province
f the country, was known to have an estimated
0 000 sex workers in 2003 with an average HIV
eroprevalence rate of 6% (range 2—16% in different
istricts) in 2004 [11]. Thus, a pilot was considered
ecessary to explore the magnitude of the problem
f oncogenic HPV among brothel-based sex work-
rs. Considering the above, a study was conducted
mong brothel-based sex workers of West Bengal,
astern India, to determine the existence and mag-
itude of the problem of oncogenic high-risk HPV
nfection and pre-cancerous lesions in these work-
rs.ethodology
his was a community-based cross-sectional study.
total of 229 sex workers from three district broth-
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Most participants were in the age group 20—29
years (45.9%; n = 105), followed by 30—39 years and
≥40 years. The mean age of sex workers was 30
years. Approximately 6% of the studied subjects
(n = 14) were in the age group <20 years.
It is interesting to note that the prevalence of
high-risk HPV was highest among the youngest sex
workers (10—19 years age group), and a decreas-
ing trend of HPV was observed with increasing age
(Fig. 1).
As can be seen in Table 1, 7.9% (n = 18) of the
studied subjects were unmarried, 42.8% (n = 98)
were married, 39.7% (n = 91) were married but sep-
arated without legal separation and 9.2% (n = 21)
were widowed. Literacy status revealed that most
subjects (62.9%; n = 144) were illiterate, 16.2%
(n = 37) were just literate, 10.5% (n = 24) had pri-
mary education, 10.0% (n = 23) had a secondary
level of education and only 0.4% (n = 1) had edu-
cation up to college level. Most subjects had a
maximum daily income of Indian Rupees (Rp) 100
(US$2.5) or less (53.7%), followed by Rp 101—499
(27.5%) and Rp 500 or above (18.8%). The majority
of sex workers (77%) joined the profession volun-
tarily, 21% joined the profession by being trafﬁcked
and the remaining 2% were forced to join this pro-
fession directly or indirectly by their spouses or
family members.
As seen in Table 2, sex workers beginning their
work aged ≤20 years had the highest HPV preva-
lence (29.7%), followed by those aged 21—30
years (21.8%) and those aged 31—45 years (13.6%).
Regarding the duration of sex work, the highest
HPV prevalence was observed in sex workers with
Table 1 Distribution of marital status, education and
maximum daily income of sex workers (N = 229).
Characteristic n %
Marital status
Unmarried 18 7.9
Married 98 42.8
Separated 91 39.7
Divorcee 1 0.4
Widow 21 9.2
Education
Illiterate 144 62.9
Just literate 37 16.2
Up to primary 24 10.5
Up to secondary 23 10.0
Graduate 1 0.4PV and cervical pre-cancerous lesion in sex worke
ls (Kolkata, North 24-Parganas and Burdwan) of
est Bengal were included in the study. Initially, all
he study participants were explained the purpose
f this study and were invited to participate volun-
arily. Following verbal consent, two experienced
ocial workers interviewed the study participants
ith the help of a ﬁeld-tested questionnaire to
tudy their sociodemographics, risk behaviour and
isk perceptions regarding HPV. The interview was
ollowed by collection of cervical cells from the
ervical squamocolumnar junction, including the
ervical canal, from all participants using a dispos-
ble vaginal speculum and cervical cytobrush. Part
f the specimen was used for making an immedi-
te smear for Papanicolaou test (‘Pap smear’) and
art was transferred to buffer solution for onco-
enic HPV testing. HPV DNA for 13 oncogenic HPVs
as tested by the Hybrid Capture 2 (HC2) test.
nitially, samples were collected in specimen trans-
ort medium (STM) tubes in a buffer supplied by the
anufacturer. The tubes were vortexed to dislodge
he epithelial cells from the collection brush and
00L aliquots were sent to the laboratory for HC2
est. The samples were aliquoted prior to denat-
ration of the sample for the HC2 test in order to
reserve the integrity of the DNA for real-time poly-
erase chain reaction (PCR) analysis for genotype.
ach sample was tested for the presence of one
r more oncogenic HPV types using probe B of the
C2 assay (a pool of full-length RNA probes spe-
iﬁc for HPV 16, 18, 31, 33, 35, 39, 45, 51, 52,
6, 58, 59 and 68) according to the manufacturer’s
nstructions. The HC2 test is based on hybridisation
f HPV DNA with RNA-speciﬁc probes and the hybrid
s detected by chemiluminescent assay. The values
btained are recorded as relative light units (RLU)
er positive control (PC). The sample is considered
ositive for HPV DNA when the RLU/PC ratio is ≥1.
Subsequently, a subset (n = 112) of the above
ample was assessed again by real-time PCR to
etermine the existence and magnitude of HPV
enotypes 16 and 18. PCR ampliﬁcation was per-
ormed as described by Carson and Khan [12].
Data, including laboratory test results, were
dited, entered and analysed using Epi Info soft-
are (version 6.04).
esults
he overall prevalence of oncogenic HPV was found
o be 25% (58/229) in the studied population. The
esults of the subset analysis of HPV genotypes 16
nd 18 showed that genotype 16 was prevalent in
0% (11/112), genotype 18 in 7% (8/112) and both
enotypes 16 and 18 in 7% (8/112).
Maximum income (Rupees/day)
≤100 123 53.7
101—499 63 27.5
≥500 43 18.8
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Figure 1 Distribution of sex workers by age and corresponding oncogenic human papillomavirus (HPV) status (N = 229).
Table 2 Age of initiation and duration of sex work
and corresponding oncogenic human papillomavirus
(HPV) statusa.
Number of subjects Number (%) with HPV
Age of initiation (years)
≤20 118 35 (29.7)
21—30 87 19 (21.8)
31—45 22 3 (13.6)
Duration of sex work (years)
0—1 38 21 (55.3)
2—5 85 22 (25.9)
6—10 45 3 (6.7)
F
t
d
a
H
ﬁ
w
(
p11—40 58 10 (17.2)
a Data were missing for some women, therefore ﬁgures do
not add to 229.
a duration of ≤1 year (55.3%), followed by 2—5
years (25.9%), 11—40 years (17.2%) and 6—10 years
(6.7%).
Fig. 2 shows the relationship between HPV preva-
lence and the number of clients sex workers had per
s
s
t
Figure 2 Average number of clients entertained per day an
status.igure 3 Reported sexually transmitted infection within
he past year (N = 229).
ay. It was observed that sex workers with an aver-
ge number of daily clients of six or more had an
PV prevalence of 67% (n = 6), those with four to
ve clients had a prevalence of 45% (n = 9), those
ith two to three clients had a prevalence of 30%
n = 34) and those with one or less clients had a
revalence of 10% (n = 9). These differences were
tatistically signiﬁcant (P = 0.00003).
Fig. 3 shows that 49.3% (n = 113) of the subjects
uffered from one or more sexually transmit-
ed infections (STIs) within the past year and
d corresponding oncogenic human papillomavirus (HPV)
HPV and cervical pre-cancerous lesion in sex workers
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gigure 4 Presence of cervicitis and oncogenic human
apillomavirus (HPV) status (N = 227).
0.7% (n = 116) did not. No signiﬁcant difference
as observed in HPV prevalence between these
roups.
It was observed that 138 of the 229 sex work-
rs suffered from cervicitis as evidenced by the
resence of a fair to plentiful number of inﬂam-
atory cells on Pap smear examination. High-risk
PV prevalence was found to be 27.5% and 21.3%
n sex workers with and without cervicitis, respec-
ively, as shown in Fig. 4. Regarding pre-cancerous
esions on the cervix, it was observed that 2 of 229
orkers had cytological changes leading to a low-
rade squamous intraepithelial lesion (LSIL) who
ere simultaneously infected with high-risk HPV.
ther than these two samples, ﬁve samples had
ytological changes limited to atypical squamous
ells of undetermined signiﬁcance (ASCUS). How-
ver, all of the latter ﬁve samples had no evidence
f HPV infection. Thus, the prevalence of cervical
re-cancerous lesions along with oncogenic high-
isk HPV infection in the studied group was 1%
2/229).
iscussion
he prevalence of oncogenic high-risk HPV infection
n brothel-based sex workers of West Bengal was
ound to be 25% (58/229). It appears that HPV geno-
ype 16 was the most prevalent HPV (17%; 19/112)
n this study community, which occurred either
ingly or in combination with other genotypes. This
as followed by genotype 18 (14%; 16/112). Onco-
enic HPV prevalence rates showed a decreasing
rend with age, being 71.4% in the 10—19 years
ge group, 32.3% in the 20—29 years age group,
8.3% in the 30—39 years age group and 2.5% in
he ≥40 years age group (Fig. 1). These differences
ere statistically signiﬁcant (P≤ 0.00001). Similar
s
I
a
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bservations were observed in other studies that
lso showed a decreasing trend of HPV with age
12—15]. This may be due to the role of acquired
mmunity, which probably clears the virus in older
omen; however, this needs further in-depth study.
egarding stratiﬁcation by age, it was observed
hat sex workers aged ≤25 years were 3.7 times
ore at risk of acquiring oncogenic HPV compared
ith older sex workers in the univariate analysis
odds ratio (OR) = 3.7, 95% conﬁdence interval (CI)
.9—7.2), but this was not signiﬁcant on multivari-
te analysis (Table 3). The study did not observe
ny association between HPV and marital or edu-
ational status. However, it was observed that HPV
tatus was signiﬁcantly higher among sex workers
aving a daily maximum income of Rp 101 or more
ompared with those having Rp 100 or less per
ay both by univariate and multivariate analysis
Table 3).
Regarding the age of initiation of sex work-
ng, the present study showed that oncogenic HPV
revalence was 29.7% (n = 35) in the age group ≤20
ears compared with 20.2% in the >20 years age
roup; however, this difference was not statisti-
ally signiﬁcant (Table 3). Considering the duration
f sex work, oncogenic HPV prevalence was found
o be 55.3% (n = 21) and 18.6% (n = 35) in sex work-
rs with a sex working duration of ≤1 year and
1 year, respectively. This difference was found to
e statistically signiﬁcant both by univariate and
ultivariate analysis (Table 3). This indicates that
ex workers with ≤1 year working duration were
.3 times more at risk of acquiring HPV compared
ith those of longer duration. A similar observation
as found in a study among sex workers of Mexico
ity which showed that HPV prevalence was signif-
cantly higher in sex workers of <1 year duration
16]. This could be explained by the fact that sex
orkers with longer working duration are usually
elatively older sex workers. The decrease in HPV
revalence in older women agrees with other stud-
es that argue in favour of a biological effect, such
s increased immunity to HPV with age. A better
nderstanding of why immunity to HPV may develop
n older women might provide the basis for devel-
ping an effective vaccine to prevent cancer of the
ervix. This might also help us to rationalise the
ountry’s HPV vaccine strategy for control and pre-
ention of HPV and thereby carcinoma of the cervix
n sex workers as well as the female population in
eneral.
Transmission of HPV is known to be related to
exual activity with multiple sex partners [17,18].
n this study, it was observed that sex workers with
n average number of daily clients of six or more
ad an HPV prevalence of 67% (n = 6), those with
126 K. Sarkar et al.
Table 3 Factors associated with oncogenic high-risk human papillomavirus (HPV) in brothel-based sex workers.
Risk factor Total number Number (%) with
oncogenic HPV
OR (95% CI)
Univariate analysis Multivariate analysis
Age of sex worker
≤25 years 92 37 (40.2) 3.7 (1.9—7.2) 2.0 (0.9—4.1) [N.S.]
>25 years 137 21 (15.3)
Maximum income daily (Rupees)
≥101 106 39 (36.8) 3.1 (1.6—6.2) 2.5 (1.3—5.0)
≤100 123 19 (15.4)
Age of initiation of sex worka
≤20 years 118 35 (29.7) N.S. N.S.
>20 years 109 22 (20.2)
Duration of sex worka
≤1 year 38 21 (55.3) 5.4 (2.4—12) 3.3 (1.4—7.6)
>1 year 188 35 (18.6)
Number of clients entertained per day
≥4 29 15 (51.7) 3.9 (1.6—9.4) N.S.
≤3 200 43 (21.5)
Cervicitisa
Present 138 38 (27.5) N.S. N.S.
Absent 89 19 (21.3)
ot ad
f
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oOR, odds ratio; CI, conﬁdence interval.
a Data were missing for some women, therefore ﬁgures do n
four to ﬁve clients had a prevalence of 45% (n = 9),
those with two to three clients had a prevalence
of 30% (n = 34) and those with one or less clients
had a prevalence of 10% (n = 9). These differences
were statistically signiﬁcant (P = 0.00003). On strat-
iﬁcation, it was observed that sex workers having
an average number of four or more clients per day
were almost four times more at risk of acquiring
HPV compared with those with a lower number of
clients (OR = 3.9; 95% CI 1.6—9.4) (Table 3). This
indicates that HPV transmission increases with an
increase in the number of sexual partners. Sim-
ilar observations were observed in other studies
[19—21]. Multivariate analysis did not show any
association between HPV and multiple sexual part-
ners in this study.
Regarding reported STIs within the past year, the
study did not observe any signiﬁcant difference in
HPV status between the groups of sex workers with
a history of STI within the past year (49.3%; n = 113)
and those with no history (50.7%; n = 116). HPV
prevalence was 24.8% (n = 28) and 29.3% (n = 34)
in the groups with and without a history of STIs,
respectively. However, it was observed that a
sizable number of sex workers (60.8%; n = 138) suf-
fered from cervicitis indicated by the presence of
a fair to plentiful number of inﬂammatory cell on
their Pap smear examination. HPV prevalence was
u
t
r
Hd to 229.
ound to be slightly higher among the studied par-
icipants with cervicitis (27.5%; n = 38) compared
ith those without it (21.3%; n = 19). This differ-
nce was not found to be statistically signiﬁcant.
he study did not look for the aetiology of cer-
icitis, such as Chlamydia trachomatis, although
ome studies have documented that HPV is associ-
ted with chlamydial infection of the genital tract
22,23].
The prevalence of pre-cancerous lesions such as
SIL along with high-risk oncogenic HPV virus was
ound to be 1% (2/229) in the studied population,
ho are assumed to be under threat of cervical can-
er. A higher prevalence of pre-cancerous lesions
as observed in sex workers in Belgium where onco-
enic HPV prevalence was found to be much higher
55.9%) [21]. Considering the large population of
ex workers in India (estimated 2.9 million), a siz-
ble number of sex workers appear to be under
hreat of cervical cancer. The situation would be
urther worsened by the presence of concomitant
IV infection, as several studies have documented
hat HIV-positive patients are more likely to have
ncogenic HPV compared with HIV-negative individ-
als [9,24,25]. In this study, it has been observed
hat young sex workers are more vulnerable to high-
isk HPV, similar to their increased vulnerability to
IV as observed in other studies [7,8]. This necessi-
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[PV and cervical pre-cancerous lesion in sex worke
ates a combined effort for control and prevention
f both HPV and HIV targeted towards sex workers
ith special emphasis on younger sex workers. Vac-
ination against HPV for newly entrant sex workers
ay be an important component of an intervention
rogramme.
onclusion
his study documented that 25% of the studied
opulation were infected with oncogenic high-risk
PV and 1% had a pre-cancerous lesion along with
igh-risk HPV. Young sex workers appear to be
ore at risk of acquiring oncogenic HPV, similar
o HIV. Other risk factors associated with onco-
enic HPV are duration of sex work and daily
ncome. The observation of older sex workers with
elative freedom from HPV supports the view of
cquired immunity against HPV, which needs fur-
her in-depth study. There is a need for suitable
ommunity-based intervention targeted towards
ex workers, with special reference on younger sex
orkers.
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